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Stress-Day Factor and Stress-Day Index as Indicators 
of Drainage Needs of Soils 
R. S. Kanwar 
MEMBER 
ASAE 
ABSTRACT 
FIELD data on water-table depths, plant parameters, and corn yields were collected for 3 years (1984 
through 1986) on the Clarion-Nicollet-Webster Soil 
Association from 50 plots under naturally fluctuating 
water-table conditions. The stress-day factor (SEW30) 
and stress-day index (SDI) concepts were used to provide 
a quantitative means of determining drainage needs of 
soils. Corn yield and SDI were used to assess the crop 
production losses due to excessive wetness in the soils. 
The stress-day factor and index were found to be 
useful tools in evaluation of drainage needs of poorly 
drained soils. The highest values of SEW30 and SDI 
were obtained for naturally very poorly drained soils, 
while naturally well-drained soils gave about zero values 
of SDI. Significant differences were found in SEW30 and 
SDI between all natural drainage classes of soils. 
This study also showed a strong relationship between 
relative yield and SDI for corn. This relationship was 
compared with published data from three other sources 
-India, North Carolina, and Ohio and found to be in 
agreement. The information in this paper on transient 
waterlogging's effect on crop growth under different 
natural soil drainage regimes should provide a basis for 
improving the design of field drainage systems 
INTRODUCTION 
Drainage depth and spacing recommendations for 
soils in relation to their natural drainage regimes are very 
imprecise. Some of the intensely farmed agricultural 
soils have adequate drainage in their natural state while 
others require artificial drainage for efficient crop 
production. Subsurface drainage of naturally poorly 
drained cropland areas is a widely used practice to 
reduce crop damage due to excessively wet soil 
conditions. Many times, these drainage systems are 
installed on the basis of local experience rather than on 
drainage needs of the soils. Drainage systems should be 
designed to satisfy crop drainage requirements. 
However, inadequate knowledge of crop response to 
excess soil moisture under field conditions has hampered 
the effective design of drainage systems. 
Research developments over the past 10 or more years 
have shown that crop drainage requirements can be 
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related to water-table position at various stages of plant 
growth. The need for incorporating crop drainage 
requirements into drainage system design has been 
addressed (Bouwer, 1974; Hiler, 1969, 1977; Kanwar et 
al., 1988; Ravelo et al., 1982; Evans and Skaggs, 1984), 
but methodology is still lacking for incorporating crop 
drainage requirements into optimal drainage design 
under fluctuating water tables. Probably, this lack of 
methodology is due to the absence of established 
relationships between crop yield response and excessive 
soil water conditions. Hiler (1977) discussed several 
possible drainage design criteria and proposed a method 
for incorporating crop drainage requirements and 
drainage theory into a rational drainage system design. 
The method utilizes the concept of the stress-day index 
(Hiler, 1969), which has since been used by several other 
researchers (Evans and Skaggs, 1984; Ravelo et al., 
1982). 
Crop yield probably is the most useful measure of crop 
response to excess water for the purpose of optimizing 
drainage system design (Evans and Skaggs, 1984). Very 
few studies have been conducted to assess general crop 
damage that is due to excessive wet conditions in 
naturally poorly drained soils (Ritter and Beer, 1969). 
Kanwar et al. (1984) presented a methodology to 
determine crop damage in naturally poorly drained soils 
that is due to inadequate drainage in a large watershed. 
But this methodology uses results of a field survey rather 
than experimental data. Kanwar et al. (1983) reported 
the yield estimates for three naturally poorly drained 
soils having no artificial drainage. They reported from 38 
to 100% crop damage in 5 years of a 10-year period. 
DeBoer and Ritter (1970) reported 9 to 12% crop losses 
due to excess surface depressional water. 
The objective of this study was to examine the 
usefulness of stress-day factor and stress-day index 
concepts to quantify the magnitude of soil drainage 
need sand crop damage due to excess wetness at various 
degrees of natural drainage. 
MATERIALS AND METHODS 
The research consisted of a 3-year (1984 through 1986) 
field plot experiment conducted at the Iowa State 
University's Woodruff Farm near Ames, lA. To study 
four different naturally drained soils (well drained, 
somewhat poorly drained, poorly, and very poorly 
drained soils) at a single location, an area was selected 
that did not have any artificial drainage. The soils at the 
experimental site are predominantly Nicollet soils in the 
Clarion-Nicollet-Webster Soil Association (the Clarion 
soils are naturally well drained; the Nicollet soils are 
naturally somewhat poorly to poorly drained; Webster 
soils are poorly to very poorly drained and occur in slight 
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Fig. 1—Soil Survey map and parent materials of soils in the Clarion-
Nicollet-Webster Soil Association area. 
depressions and nearly level areas) with a maximum slop 
of 2%. Fig. 1 gives the relationship of parent materials, 
topography, and soils in the Clarion-Nicollet-Webster 
Soil Association. 
Water moves from the naturally well-drained soils 
readily, and wetness does not inhibit growth of roots. 
Naturally well drained soils are commonly medium 
textured and free of mottling. Naturally somewhat poorly 
drained soils commonly have a slowly permeable layer 
and an occasional rise to a high water table because of 
continuous rainfall. In naturally poorly drained soils, 
water moves so slowly that the soil becomes saturated 
periodically during the growing season or remains wet for 
long periods. In very poorly drained soils, water moves so 
slowly that free water remains at or near the surface 
during a significant part of the growing season. Very 
poorly drained soils are commonly level or are in 
depressions and are frequently flooded. Fig. 2 shows the 
topographic features of the experimental area. 
A 75 m X 150 m area was divided into 50 plots of 15 m 
X 15 m so that at least five plots will fall in each 
subcategory of the natural drainage classes. All 
experimental plots were under no-till continuous corn 
between 1984 and 1986. A water-table observation well 
(180-cm-long, 3.8-cm-diameter plastic pipe with 
perforated sides and open bottom) was installed in the 
center of each plot to a depth of 165 cm from the surface 
after corn planting and chemical applications. These 
wells were used to monitor water-table depths during the 
growing season. Fig. 2 gives the location of observation 
wells and layout of 50 experimental plots. Water-table 
depths were measured with a depth gauge three times a 
week; however, if the rainfall was greater than 1.25 cm. 
Very poorly 
drained soils 
Poorly drained 
soils 
Somewhat poorly 
drained soils 
Well-drained 
soils 
Fig. 2—Topograhic map of the experimental site and layout of the 
experimental plots. The contour lines are given in meters, and the 
numbers indicate the location of observation wells. 
daily water-table readings were taken for at least the next 
5 days. Data on water-table depths were collected during 
June through November (between planting and 
harvesting) for 3 years (1984 through 1986). Daily 
rainfall data were also collected at the experimental site 
during the period of this study. 
Table 1 gives the planting, harvesting, and chemical 
TABLE 1. DATES OF PLANTING, HARVESTING, FERTILIZER 
APPLICATION, MEASUREMENTS OF PLANT-GROWTH 
PARAMETERS (POPULATION COUNTS, CANOPY AND KNUCKLE 
HEIGHTS, DRY-MATTER WEIGHT, AND CROP YIELDS), 
AND AMOUNT OF SEASONAL RAINFALL 
Item 
Planting 
N-application (168 kg/ha) 
Water-table readings begin 
Population counts 
Canopy and knuckle heights 
Dry matter weight 
Water-table readings end 
Harvesting and crop yield 
Seasonal rainfall, cm 
(April through October) 
1984 
June 13 
June 29 
June 29 
Nov. 1 
Nov. 5 
90.3 
Year and date 
1985 
June 8 
June 10 
June 11 
July 2 
July 21 
July 27 
Aug. 13 
Aug. 25 
July 24 
Aug. 4 
Nov. 5 
Nov. 14 
44.2 
1986 
June 10 
July 23 
July 23 
July 2 
Aug. 7 
Sept. 9 
July 23 
Aug. 30 
Sept. 13 
Oct. 5 
July 23 
Aug. 30 
Sept. 13 
Oct. 5 
Nov. 7 
Nov. 14 
92.2 
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application dates for this experiment. Plant population 
and other plant-growth parameters were measured at 
different times during the growing seasons of 1985 and 
1986 (Table 1). These plant-growth parameters include 
plant canopy height, plant knuckle height, and dry-
matter weight of plants. At harvest, corn yields were 
measured from an area 13.5 m x 13.5 m surrounding 
each of the observation wells by using a combine 
equipped with a weighing bin. Corn yields were corrected 
to a uniform moisture content of 15.5% for final 
analysis. The dashed lines in Fig. 2 indicate the areas 
included in corn yield measurements. 
The crop stress factors (stress-day factor and stress-
day index) were used to quantify the cumulative effect of 
wetness on corn growth during the growing season. 
These factors were calculated by using the water-table 
data collected from each of the 50 observation wells. 
Water-table hydrographs were drawn between the water-
table depths and the date of the year. Then, values of 
stress-day factor (SEW30) were calculated by using the 
equation 
SEW30= 2 (30-Xi) 
1=1 
where Xi is the water table depth below the ground 
surface in cm on day i, and n is the number of days in the 
growing season. Negative numbers inside the summation 
series were neglected; that is, for computations, only Xi 
values smaller than 30 cm are taken into account so that 
the sum is the measure of depth less than the 30-cm level 
(Wessling, 1974). Larger SEW30 values generally 
indicate poor drainage conditions. Mathematically, the 
stress-day index (SDI) concept has been expressed by 
Ravelo et al. (1982) and Hardjoamidjojo et al. (1982) as 
M 
SDI = X (CSj * SDj) 
j=l 
where M is the number of growth stages, CSj is the crop 
susceptibility factor for stage j , and SDj is a stress-day 
factor for stage j . The SEW30 parameter was used as the 
stress-day factor in this paper as suggested by 
Hardjoamidjojo et al. (1982). The crop susceptibility 
(CS) values used in this paper to calculate the SDI were 
taken from Evans and Skaggs (1984) and are given in 
Table 2. Several researchers have recognized that other 
factors such as genotype, soil type, fertility, and 
temperature could affect the values of CS factors 
determined experimentally from one year to another. To 
overcome this problem, Evans and Skaggs (1984) have 
suggested developing normalized crop susceptibility 
factors (NCS) by using the CS values. Therefore, the 
NCS values given in Table 2 were used in the final 
calculations to calculate the SDI values for each growth 
stage. 
The soil survey map of the experimental area (USDA, 
1984) and SEW30 values from individual plots for the 
years 1984 and 1986 were used to identify the soil type 
and drainage class of each plot. According to the soil 
survey map, the soil type of plots 28, 29, 30, 38, 39, 40, 
48, 49, and 50 was Clarion loam soil with a soil mapping 
unit of 138B (a well-drained soil); SEW30 values for 
TABLE 2. NORMALIZED CROP SUSCEPTIBILITY FACTORS 
FOR CORN FOR EXCESSIVE SOIL WATER CONDITIONS 
(EVANS AND SKAGGS, 1984) 
Growth stage 
Establishment 
Early vegetative 
Late vegetative 
Flowering 
Yield formation 
Days 
after 
planting 
18 
36 
56 
76 
100 
Mean crop 
susceptibility 
factors 
(CS) 
0.28 
0.32 
0.65 
0.36 
0.10 
Normalized 
mean crop 
susceptibility 
factors 
(NCS) 
0.16 
0.18 
0.38 
0.21 
0.06 
most of these plots for 1984 and 1986 were essentially 
zero. These two facts confirmed that all these nine plots 
belonged to naturally well-drained soils and had no stress 
due to wetness. Normally, the naturally well-drained 
soils do not need any artificial drainage to produce 
potential maximum yields. 
Also, the soil survey map indicated that plots 15, 24, 
25, 26, 35 and a significant portion of plots 5, 6, 14, 16, 
34 and 36 belong to Canisteo silty clay loam soil with a 
soil mapping unit of 507 (a naturally very poorly to 
poorly drained soil). The SEW30 values of plots 15, 24, 
25, 26, and 35 for 1984 and 1986 were the highest among 
all the plots, and the average SEW30 value of these plots 
was far above the average from the next lower drainage 
class (a poorly drained soil type). Therefore, plots 15, 24, 
25, 26, and 35 were considered to belong to naturally 
very poorly drained soils. The soil type of plots 1, 2, 3, 4, 
11, 12, 13, 21, 22, 23, 31, 32, 33, 41, and 42 was Harps 
loam, and plots 7, 8, 9, 10, 17, 18, 19, 20, 27, 37, 43, 44, 
45, 46 and 47 belong to Nicollet loam. Thus, the rest of 
the experimental area was either Nicollet loam or Harps 
loam (both are naturally poorly to somewhat poorly 
drained soils, depending upon their location and slope) 
soil types. The average SEW30 values for these plots 
resulted in classifying their natural drainage class from 
poorly to somewhat poorly drained soils. Therefore, this 
methodology resulted in a total of 5, 14, 22, and 9 plots 
in the categories of naturally very poorly drained, poorly 
drained, somewhat poorly drained, and well-drained 
soils, respectively. Fig. 2 shows the location of plots 
under each naturally drained soil type. 
RESULTS AND DISCUSSION 
The rainfall patterns as observed at the experimental 
site for the three growing seasons (April thru October) of 
1984, 1985, and 1986 were highly variable. Because of 
excessive wet conditions in May and early June, late 
planting of corn was done (Table 1). Rainfall in 1984 and 
1986 was greater than normal, with total growing 
seasonal rainfall of 90.3 and 92.2 cm, respectively. In 
1984, 68% of the rain fell in early spring (April, May, 
and June), whereas in 1986, all months received greater 
than normal rainfall. The year 1985 was relatively dry, 
with total growing season (April through October) 
rainfall of 44.2 cm. Also during 1985, 70% of the rainfall 
occurred in August through October when corn plants 
were mature. 
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• 3. AVERAGE STRESS-DAY FACTORS (SEW 30) AT VARIOUS GROWTH STAGES OF CX)RN FOR FOUR NATURALLY DRAINED SOILS 
FOR THE YEARS 1984, 1985, and 1986 
Plant 
growth 
stage 
II 
III 
IV 
V 
Total SEW 30 
for growth 
stages 
Total SEW 30 
for the 
entire 
growing 
season 
DAP 
20 
40 
60 
80 
100 
VPD 
123.7a* 
22.9a 
0 
0 
0 
146.6a 
146.6a 
1984 
PD 
67.4b 
3.7b 
0 
0 
0 
71.1b 
71.1b 
SWPD 
23.1c 
Oc 
0 
0 
0 
23.1c 
23.1c 
WD 
2.3d 
Oc 
0 
0 
0 
2.3d 
2.3d 
Average stress 
VPD 
0 
0 
0 
0 
0 
0 
53.2a 
; day factors (SEW30) 
1985 
PD 
0 
0 
0 
0 
0 
0 
16.2b 
SWPD 
0 
0 
0 
0 
0 
0 
8.3b 
in cm-day 
WD 
0 
0 
0 
0 
0 
0 
Oc 
VPD 
189.7a 
366.4a 
163.3a 
61.1a 
31.9a 
812.5a 
1936.6a 
1986 
PD 
97.5b 
248.3b 
34.6b 
7.1b 
5.8b 
393.3b 
1046.7b 
SWPD 
33.0c 
51.4c 
6.6c 
O.Ob 
1.6b 
92.6c 
235.5c 
WD 
1.5d 
Od 
Oc 
Ob 
Ob 
1.5d 
1.5d 
DAP = days after planting 
VPD = very poorly drained soils, PD = poorly drained soils, SWPD = somewhat poorly drained soils, WD = well-drained soils. 
*values followed by the same letter in a row for that year are not significantly different at the 5% probability level. 
Drainage Requirements of Poorly Drained Soils 
Tables 3 and 4 give the values of SEW30 and SDI at 
various stages of growth for four types of naturally 
drained soils, respectively. Also, these tables give total 
SEW30 and SDI values for the first 100 days after 
planting (a critical period for plant growth) and SEW30 
values for the entire growing season. Because of 
extremely dry conditions in 1985, excessively wet 
conditions did not occur until September and October; 
in turn, these conditions did not produce any SEW30 
and SDI values during the five growth-stage periods 
(within 100 days after planting). 
In 1984, as explained earlier, most of the rain fell in 
early spring, resulting in a majority of the excessively wet 
days within 20 days after planting. Therefore, SEW30 
values of 123.7, 67.4, 23.1, and 2.3 cm-days were 
observed for the naturally very poorly drained, poorly 
drained, somewhat poorly drained, and well-drained 
soils, respectively, during growth stage 1 for 1984 (Table 
3). Statistically, all these values of SEW30 for four 
naturally drained soils are significantly different from 
each other. Also, for 1984, the SDI values of 19.8, 10.8, 
3.7, and 0.4 cm-days were obtained for naturally very 
poorly drained, poorly drained, somewhat poorly 
drained, and well drained soils, respectively, for stage 1 
and are significantly different from each other (Table 4). 
Because of excessive wet conditions in May and early 
June, however, late planting of corn was done. Most of 
the time, late planting will eliminate a lot of stress for 
crops planted on a normal planting schedule. Therefore, 
earlier planting would have resulted in larger SEW30 
and SDI values. The highest values of SEW30 and SDI 
for the very poorly drained soils indicate that drainage 
needs of naturally very poorly drained soils are the 
greatest and that drainage needs decrease with the 
improvement in the degree of natural drainage. Similar 
trends in the values of SEW30 and SDI are seen for 1986 
when excessively wet conditions prevailed during most of 
the growing season (Tables 3 and 4). 
In 1984, all soils had very little excessive wetness after 
growth stage 1 because of a rather dry summer and a dry 
fall. But in 1986, the naturally very poorly and poorly 
drained soils had excessively wet conditions during the 
entire growing season. More than half of the total 
growing season SEW30 values were observed after the 
critical growth period; that is, more than 100 days after 
planting in 1986. In 1985, water table above 30 cm was 
not observed during the first 100 days after planting in 
any of the poorly drained soils because of dry weather 
conditions. 
Table 5 gives a summary of crop-stress factors and 
some of the crop parameters for the four naturally 
drained soil areas for 1984, 1985, and 1986. The data 
presented in this table show that average seasonal water-
table depth increases with the increase in the degree of 
natural drainage of soils. Three years of field data (from 
TABLE 4. AVERAGE STRESS DAY INDEX (SDI) AT VARIOUS STAGES OF CX)RN FOR FOUR NATURALLY DRAINED SOILS 
FOR THE YEARS 1984, 1985, and 1986 
Plant 
growth 
stage 
I 
II 
III 
IV 
V 
Total SDI for 
5 growth 
stages 
DAP 
20 
40 
60 
80 
100 
VPD 
19.8a 
4.1a 
0 
0 
0 
23.9a 
1984 
PD 
10.8b 
0.7b 
0 
0 
0 
11.5b 
SWPD 
3.7c 
Ob 
0 
0 
0 
3.7c 
WD 
0.4d 
Ob 
0 
0 
0 
0.4d 
Average 
VPD 
0 
0 
0 
0 
0 
0 
stress day index (SDI in cm-days) 
PD 
0 
0 
0 
0 
0 
0 
1985 
SWPD 
0 
0 
0 
0 
0 
0 
WD 
0 
0 
0 
0 
0 
0 
VPD 
30.3a 
66.0a 
62.1a 
12.8a 
1.9a 
173.1a 
PD 
15.6b 
44.7b 
13.2b 
1.5b 
0.4b 
75.4b 
1986 
SWPD 
5.3c 
9.2c 
2.4c 
Ob 
Ob 
16.9c 
WD 
0.2d 
Od 
Oc 
Ob 
Ob 
0.2d 
DAP = days after planting 
VPD = very poorly drained soils, PD = poorly drained soils, SWPD = somewhat poorly drained soils, WD = well-drained soils. 
* values followed by the same letter in a row for that year are not significantly different at the 5% probability level. 
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TABLE 5. OVERALL SUMMARY OF VARIOUS CROP STRESS FACTORS (WTC, SEW30, AND SDI) AND PLANT GROWTH FACTORS 
(POPULATION, GRAIN MOISTURE AND YIELD) FOR FOUR NATURALLY DRAINED SOILS FOR 1984, 1985, and 1986 
Variable 
Avg. seasonal WTD, cm 
Total seasonal SEW 30, 
cm-days 
Total SDI, cm-days 
Avg. plant population, 
100/ha 
A\^. grain moisture, % 
Avg. grain yield, 
1000 kg/ha 
AA^. relative grain yield 
VPD 
59.9a 
146.6a 
23.9a 
-
25.5a 
2.0a 
0.38a 
1984 
PD 
60.1a 
71.1b 
11.5b 
-
26.7a 
3.4b 
0.65b 
SWPD 
73.2b 
23.1c 
3.7c 
-
22.9b 
5.2c 
1.00c 
WD 
104.6c 
2.3d 
0.4d 
-
17.5c 
4.9c 
0.94c 
VPD 
98.8a 
53.2a 
0 
60a 
25.6 
4.5a 
1.00a 
1985 
PD 
111.9ab 
16.2b 
0 
58a 
26.3a 
3.9ab 
0.87ab 
SWPD 
120.5b 
8.3b 
0 
58a 
26.1a 
3.9 ab 
0.87b 
WD 
147.2c 
Oc 
0 
40b 
26.7a 
3.4b 
0.76b 
VPD 
20.4a 
1936.6a 
173.1a 
33a 
28.7a 
2.0a 
0.32a 
1986 
PD 
33.9b 
1046.7b 
75.4b 
44b 
26.7b 
4.1b 
0.65b 
SWPD 
58.1c 
235.5c 
16.9c 
48b 
23.4c 
5.7c 
0.90c 
WD 
108.5d 
1.5d 
0.2d 
43b 
21.3d 
6.3d 
l.OOd 
WTD = water table depth. 
VPD = very poorly drained soils, PD = poorly drained soils, SWPD = somewhat poorly drained soils, WD = well drained soils. 
*values followed by the same letter in a row for that year are not significantly different at the 5% probability level. 
1984 through 1986) suggest that seasonal values of SDI 
could vary from 0 (for 1985, a dry year) to 173 cm-days 
(for 1986, a wet year) for naturally very poorly drained 
soils; 0 to 75 cm-days for naturally poorly drained soils; 0 
to 17 cm-days for naturally somewhat poorly drained 
soils; and would be near zero for naturally well-drained 
soils. This shows that stress-day index could be used as a 
useful tool in evaluating the drainage needs of poorly 
drained soils. 
In 1984, the maximum average relative yield of 100% 
was obtained from plots located in somewhat poorly 
drained soils, which gave a seasonal SEW30 value of 23.1 
cm-days and a SDI value of 3.7 cm-days. This may be 
due to the fact that there might have been crop stress in 
1984 by lack of moisture on well drained plots. But in 
1986, plots in well-drained soils yielded an average 
relative yield of 100% when average SEW30 and SDI 
values obtained were 1.5 and 0.2 cm-days, respectively. 
Somewhat poorly drained soils, however, gave a relative 
yield of 90% at a SDI value of 16.9 cm-days for 1986. 
These results indicate that maximum potential crop 
yields could be obtained for SDI values of less than 4 cm-
days under fluctuating water-table conditions and that 
soils with SDI values greater than 4 cm-days may require 
artificial drainage systems to produce maximum 
potential yields in wet years. 
Yield Loss Due to Excessive Wetness in Poorly 
Drained Soils 
The average and relative corn yields for four naturally 
drained soils for the years 1984 through 1986 are given in 
Table 5. This table shows that naturally very poorly 
drained soils gave relative yields of 38% in 1984 and 32% 
in 1986, which were the lowest among all soil types. Also, 
the yield data given in Table 5 show that naturally poorly 
drained soils gave a relative yield of 65% in 1984 and 
1986. This indicates that excessively wet conditions are 
primarily responsible for crop production losses of more 
than 62% for naturally very poorly drained soils 
(although some plots had experienced damage due to 
weeds, poor germination, and surface runoff in addition 
to excessive wetness in 1984 and 1986.) and about 35% 
for naturally poorly drained soils. The naturally 
somewhat poorly drained soils are likely to produce 
better than 90% of the maximum potential yields under 
excessively wet conditions. These yields rates show that if 
very poorly and poorly drained soils are not artificially 
drained, farmers are likely to lose significant amounts of 
potential crop yields. 
Table 5 also shows that, in the very dry year of 1985, 
naturally very poorly drained soils gave relative yields of 
100%, which is contrary to 1984 and 1986 findings. This 
indicates that naturally very poorly drained soils have the 
potential to produce the maximum crop yield if damage 
due to excessive wetness does not take place. Also, the 
data given in Table 5 shows that naturally well drained 
soils must have experienced deficit moisture conditions 
in 1985 giving a relative yield of about 76%. 
Effect of Natural Drainability of Soils on 
Crop Parameters 
Plant population data for 1986, as given in Table 5, 
indicate that excessively wet conditions had a significant 
impact on the survival of young plants. More than 30% 
of damage in the plant population was observed in very 
poorly drained soils in 1986, indicating that lack of 
natural drainage was responsible for the decreased plant 
population. 
The grain-moisture-content data at harvest, as given 
in Table 5, show that, during the excessively wet years of 
1984 and 1986, grain moisture content was greater in 
poorly drained soils, indicating delayed maturity of crops 
under excessively wet conditions. 
Table 6 gives plant canopy and knuckle heights and 
dry-matter weight of plants at different timings of the 
growing season for 1985 and 1986. In 1986, the average 
plant canopy height reached a maximum value of 249 cm 
at 68 days after planting in naturally well-drained soils, 
whereas in very poorly drained soils, canopy heights did 
not reach their maximum value even after 104 days 
beyond the planting date. This table also shows that for 
1986, canopy and knuckle heights were shortest for 
naturally very poorly drained soils on all measurement 
days in comparison with other soil drainage classes. The 
canopy and knuckle heights seem to increase with the 
increase in the natural drainability of soils. A similar 
trend was observed for dry-matter weight of plants 
(Table 6). These results indicate that the natural degree 
of drainage has a significant impact on crop parameters. 
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TABLE 6. CANOPY AND KNUCKLE HEIGHTS AND DRY-MATTER WEIGHTS IN RELATION TO TIME AND 
NATURAL DRAINAGE CLASS FOR THE YEARS 1985 and 1986 
Plant growth 
parameters 
Canopy height, dm 
Knuckle height, cm 
Dry matter weight, 
kg/ha 
DAP 
38 
44 
66 
73 
38 
44 
61 
73 
38 
41 
54 
73 
VPD 
83ab 
110a 
216a 
252a 
30ab 
56a 
168a 
209a 
— 
960a 
3572ab 
— 
1985 
PD 
87a 
105a 
206a 
246a 
32a 
55a 
164a 
203a 
-
1079a 
2920a 
— 
SWPD 
79ab 
103a 
208a 
250a 
29ab 
51a 
160a 
204a 
— 
1172a 
4405b 
-
WD 
76b 
96a 
207a 
246a 
26b 
48a 
162a 
200a 
— 
656b 
3470ab 
-
DAP 
38 
68 
82 
104 
38 
68 
82 
104 
38 
68 
82 
104 
VPD 
25a 
97a 
147a 
183a 
11a 
31a 
92a 
144a 
55a 
818a 
2461a 
4054 
1986 
PD 
34a 
146b 
210a 
221b 
16a 
73b 
156b 
175b 
220a 
2113b 
5013 
8237 
SWPD 
55b 
201c 
235b 
241c 
25a 
139c 
190c 
192c 
800b 
4213c 
7693c 
11760c 
WD 
87c 
246d 
243b 
249c 
45c 
193d 
201c 
201c 
1783c 
6662d 
8805c 
13665d 
DAP = days after planting. 
VPD = very poorly drained soils, PD = poorly drained soils, SWPD = somewhat poorly drained soils, WD = well-drained soils. 
ab = values followed by the same letter in a row for that year are not significantly different at the 5% probability level. 
TABLE 7. RELATIVE YIELD AND STRESS-DAY INDEX RELATIONSHIPS USING DATA 
FROM FOUR DIFFERENT STUDIES 
Study 
Evans et al. 
(1986) 
Schwab et al. 
(1975) 
Josh i and Dastane 
(1966) 
Kanwar 
(1988) 
Pooled data 
(including all 
studies by Evans, 
Schwab, Josh i and 
Kanwar) 
Locat ion 
Nor th Carolina 
Ohio 
India 
Iowa 
Type of 
regression* 
L 
Q 
L 
Q 
L 
Q 
L 
Q 
L 
Q 
Regression 
e q u a t i o n ! 
Y R = 0 . 7 8 - 0 . 0 0 7 S 
Y R = 0 .88-0 .013S+0 .00009S2 
Y R = 0 .97 -0 .0063S 
Y R = 1 .02-0 .0093S+0.00003S2 
Y R = 0 .87 -0 .0063S 
Y R = 0 .98 -0 .017S+0 .00015S2 
Y R = 0 .90 -0 .0037S 
Y R = 0 .92 -0 .0046S+0 .000005S2 
Y R = 0 .84 -0 .0039S 
Y R = 0 .91 -0 .0069S+0 .000019S2 
R 2 - v a l u e 
0.55 
0.59 
0.74 
0.75 
0.70 
0.81 
0.89 
0.90 
0.57 
0 .63 
*L = Linear, Q = Quadratic 
tYR = Predicted relative yield, S = stress day index 
Comparison of Relative Yield and SDI Relationships 
A comparison was made between the relative yield and 
SDI relationships by using data from three previously 
published studies (Evans et al., 1986; Joshi and Dastane, 
1966; schwab et al., 1975) and 1986 data from Iowa's 
study. The data on relative yields and SDI for India, 
Ohio, and North Carolina were obtained from Evans et 
al. (1986). Relative corn yields were related to the SDI by 
the best fitted linear and quadratic equations. Table 7 
gives the regression equations and coefficient of 
determination, R .^ For each data set, a quadratic 
regression gave a slightly better value of R .^ There was a 
fair agreement between the linear regression fit of the 
Ohio data in the Schwab et al. (1975) study with R2 = 
0.70, and the Iowa data with R2 = 0.89. The Iowa data 
did not compare very well with the North Carolina data 
(Evans etal. , 1986). 
Relative yield is plotted as a function of SDI in Fig. 3 
for the pooled data (from three published studies and for 
the Iowa study). Also, Fig. 3 shows the linear regression 
66 88 l i e 132 
STRESS DAV INDEX(CH-DAyS) 
220 
Fig. 3—Relationship between the observed relative yield vs. stress day 
index data from India, Ohio, Iowa and North Carolina, and the 
corresponding pooled and Iowa regression lines. 
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lines for Iowa and pooled data. A reasonably fair 
agreement between the pooled data and the Iowa 
experiments is encouraging in view of the wide 
differences in the experimental procedures (Iowa 
experiments were conducted in undrained areas with 
naturally fluctuating water-table conditions, India and 
North Carolina experiments were conducted in 
lysimeters, and Ohio experiments were conducted by 
applying excessive irrigation water). This gives a degree 
of confidence to the relationship obtained for relative 
yield as a function of SDI under fluctuating water-table 
conditions. In this analysis, the NCS values reported by 
Evans et al. (1986) were used rather than the actual NCS 
values (which could have been determined 
experimentally with the appropriate SEW30 value at 
each of the experimental sites). Therefore, it might be 
possible to increase the R2 values to obtain better 
predictions of relative yield with SDI by modifying the 
crop susceptibility factors given in Table 2. 
SUMMARY AND CONCLUSIONS 
Data on water table depths and various plant 
parameters were collected from experimental plots 
located in four different naturally drained soils (well 
drained, somewhat poorly drained, poorly drained, and 
very poorly drained soils) for the years 1984 through 
1986. Data on water table depths were used to calculate 
the stress-day factor (SEW30) and stress-day index 
(SDI). The relationships between relative yield and 
stress-day index were used to show the drainage needs of 
soils and assess the crop production losses due to 
excessively wet conditions. 
The results of this study show that naturally very 
poorly and poorly drained soils could give SDI values 
greater than 170 and 75 cm-days, respectively, in a wet 
year. The high values of SEW30 and SDI for the very 
poorly drained soils indicate that drainage needs of very 
poorly drained soils are the greatest. Significant 
differences were found in SEW30 and SDI between all 
natural drainage classes of soils. 
Corn yields showed that excessively wet conditions 
could cause crop production losses as high as 68% for 
naturally very poorly drained soils and 35% for naturally 
poorly drained soils. More than 30% of the decrease in 
plant population, due to excess wetness, was observed in 
very poorly drained soils. Excessively wet soil conditions 
have a significant impact on the growth of plants as 
observed by plant parameters (canopy height, knuckle 
height, and dry matter weight). 
The results of this study on relative yields and SDI 
were compared with published data from three other 
studies. A good agreement was observed with the 
published data despite differences in the experimental 
conditions and procedures. The stress-day factor and 
index were found to be useful tools in evaluation of soil 
drainage needs. 
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